Abstract. Strategic negotiations in digital tabletop displays have not been well understood. There is little reported in the literature on how users strategize when group priorities and individual priorities conflict and need to be balanced for a successful collaboration. We conducted an observational study on three digital tabletop systems and a real-world setup to investigate similarities and differences in real-world and digital tabletop strategic collaborations. Our results show that in the real world, strategic negotiation involves three phases: identifying the right timing, using epistemic actions to consider a task plan and evaluating the value of the negotiation. We repeated the real-world experiments with different digital tabletops and found several differences in the way users initiate and perform strategic negotiations.
Introduction
When working in groups, we often conduct face-to-face meetings to accelerate the exchange of ideas or opinions, or to complete a cooperative task. Many studies and systems have been proposed to facilitate face-to-face collaboration during group meetings or discussions [4, 6, 11, [16] [17] [18] .
Collaboration may be sought personally or imposed managerially. A variety of collaborative situations arises in everyday situations and has been analyzed by many researchers (e.g. [1, 21] ). Some types of collaborative tasks, especially in business situations, fundamentally include both competitive and collaborative aspects. For example, at a meeting where sports team managers gather to trade baseball players, each participant attempts to increase individual benefit while the final goal of the meeting is prosperity of the sporting world. Similar examples can be found in a meeting on reshuffling of personnel in a company or an organization where managers or directors of some sections participate. Other examples can be found in various trading floor-like and auction scenarios.
In a collaborative task that includes both competitive and cooperative aspects, one of the fundamental actions of participants is to achieve their desired results through negotiation with other participants. A participant has to observe the transition of the task and find the ripest timing and best partner with whom to negotiate. Through the negotiation with a particular partner, each participant attempts to increase his individual benefit and this leads to an increase in the group's benefit. This process can be called "strategic negotiation" and is complex because conflicts between the personal and group priorities frequently arise. While it has been discussed in business situations (e.g. [3] ), there is no investigation of this aspect with respect to designing tabletop systems.
Strategic negotiations in face-to-face collaboration require users to support transitions between personal and group work, and when we negotiate with others while sharing information, we often have to be careful about which parts of the information can and cannot be shared [2] . It offers them the opportunity to consult hidden information to make an informed decision or to present information at the most appropriate time to maximize its impact and increase its value to the presenter. However, digital tabletops today are either clumsy or not capable of effectively handling strategic negotiations. A special framework is often required to allow multiple users to deal with private as well as public information.
To design better digital tabletops, we need to have an understanding of the lowlevel dynamics of user actions that accompany strategic negotiations. We conducted an observational study to investigate strategic negotiations in various digital tabletop settings. Our results show that in the real world, strategic negotiation involves three phases: identifying the right timing, using epistemic actions to draw attention and evaluating the value of the negotiation. We repeated the real-world experiments in different digital tabletops and found several differences in the way users initiate and perform strategic negotiations. We identify many implications for the design of digital tabletops that arise from our findings.
Related Work
Recently, there has been a proliferation of systems and techniques that support digital tabletop interactions. Here we review the literature in two related areas -we present previous efforts in prototyping novel tabletop systems and investigations into the dynamics of face-to-face collaboration and various tabletop designs for managing user privacy in public information spaces.
Tabletop Systems
From time immemorial, tables have been used to discuss and make important decisions by a group of co-located people. The example of King Arthur's fabled Round Table still persists in the popular imagination. Today, we often have discussions while standing or sitting around a table to accelerate the exchange of ideas with multiple persons. Focusing on this type of interaction, there is much literature devoted to interactive tabletop displays to support face-to-face cooperative works. For example, InteracTable allows a group to annotate digital content on a computationally-enhanced table [17] , and DiamondTouch is a touch-sensitive tabletop display for multiple users [4] . ConnecTables allows users of combined mobile desks to create a larger horizontal workspace and share and exchange documents, and a rapid sub-grouping in an office environment can be elegantly achieved [18] . An approach to tangible interface that uses phicons and phandles on the tabletop can be found in metaDESK [22] and Sensetable [9] . Augmented Surfaces [11] is an example of a shared continuous workspace that combines walls, tabletops and laptops. Other tabletop displays are surveyed in [15] .
Many researchers have investigated tabletop collaboration and proposed some characteristics as foundations for the design of interaction techniques. Pinelle et al. [10] propose the mechanics of collaboration as a set of low-level actions and interactions that must be supported if team members are to accomplish a task in a collaborative fashion. Basic actions include communication, coordination, planning, monitoring and protection. Kruger et al. [7] studied the role of spatial orientation on communication and collaboration, through observational studies of collaborative activity at a traditional table. They found that orientation is important in establishing personal and group spaces and in signaling ownership of objects. Ryall et al. [12] explored the effect of table size and number of collaborators on collaboration. They found that even larger groups were successfully able to manage work at a small table. In order to avoid interference, collaborators usually separated the workspaces based on their seating positions and the task semantics [20] . Scott et al. [13, 14] took a closer look at how territoriality affects collaboration in tabletop workspaces. They found that three types of territories were common -personal, group, and storage territories -and that these spatial divisions helped coordinate people's activities in shared tasks. Recently, Tang et al. [19] investigated various forms of collaborative coupling, the manner in which collaborators are involved and occupied with each other. They identified six distinct styles of coupling based on whether users work in the same area of the shared workspace or if they perform similar tasks.
Most of the above research focused on designing systems for face-to-face cooperation and understanding users' pragmatic actions in cooperative settings. Most of the collaboration characteristics describe physical actions that allow users to cooperate better. It is not clear if these findings transfer directly to strategic collaborations. There is no reported investigation on the dynamics or characteristics of managing the various spaces during a strategic negotiation.
Privacy in Public Information Spaces
The space between users can be broadly divided into private, personal, shared and public spaces. Private space can be defined by the area where the owner can see and manipulate data but others cannot see the data or observe the owner's detailed manipulations of the data; personal space is the area where the owner can see and manipulate data while at the same time other users can observe the owner's actions in that area (without being able to observe the details of the data); a public space is defined by the area that allows all users to see and manipulate all data in it; a shared space is a form of public space that is created for a specific subgroup of users.
Because all the pieces of information displayed on the aforementioned tabletops can be easily observed by all participants equally, these systems do not provide appropriate support for strategic negotiations. For the purpose of strategic negotiations, a participant should be allowed to maintain parts of the information in a private space that is not readily observable by other participants until the opportunity is ripe for sharing all or part of that private information. The next paragraph describes digital tabletop examples that protect private information in public spaces.
In Augmented Surfaces [11] , the authors support a private space that is integrated with the public space through an interaction technique called hyperdragging. Users can control which space to put the information in by using an amplified dragging gesture to move data between the private and public spaces. In RoomPlanner, users can create a private space on the table in front of them using a hand gesture that physically occludes the information from the other user's view [23] . The Lumisight Table provides different images to different users around the tabletop and has private spaces for individual users but lacks a public space in which information can be shared by multiple users [8] . UbiTable allows two users to transfer digital media from their laptops (private space) to a tabletop display (public space) where it can be shared and annotated [16] . It also includes a personal space along the boundary between the private and public space where users can observe each other's actions. Storage Bins is a mobile storage mechanism that enables access to stored items anywhere on the tabletop [14] . The electronic pile of stored items may be useful for hiding information from the other users and relies on social protocols to prevent others from manipulating them. A tabletop display system that allows multiple users to interact with both private and public information on a shared display in a face-to-face setting was proposed in [6] . The system relies on head tracking and users' viewpoints to dynamically create private spaces that can overlap with other users' private spaces to create shared and public spaces.
While system designers have built several tables that support private and public spaces, investigations into tabletop collaboration suggest the need for dynamic personal and public spaces. It's not clear from the literature what the interplay is between private, public and personal spaces with regards to strategic negotiations.
Study of Strategic Negotiations in Real World
In order to better understand the characteristics and factors that influence strategic negotiations during face-to-face collaboration, we conducted an observational study in various collaborative settings at a real-world table. The results of this study were used to help focus our study of a digital table.
Task and Method
We designed three strategic tasks for groups of four to six people at a single table. The tasks were designed to leverage various types of digital tabletop settings. We were interested in three types of negotiations: public-space negotiations like on an auction floor, shared-space negotiations like on a trading floor, and shared-public negotiations like in a boardroom meeting.
Task 1:
Here participants build a story based on a given theme on a large sheet by linking 10 images into a storyboard. Each participant was given 10 different images from which they had to select five to help build the story. After selecting their images, each participant had to convince the others to use as many of their five selected images as possible to create the story line. Since there were only 10 spots available for the storyboard, not all images from all participants made their way into the storyboard. Participants were instructed to build the storyboard with the intention of using as many of their images as possible. This task requires users to negotiate strategically in the public space where everyone could observe and interact with everyone else.
Task 2:
The primary objective of this task was to examine strategic negotiations when users have to perform shared-public negotiations with several different partners at a table. The task is similar to the first one, but participants build two small stories and combine them into a big story by adding an image at the end. As with Task 1, after selecting their five images, participants are divided into two groups and asked to build two small stories. In this task, the story built by each group must have eight images, so each participant has to convince the others to use as many of their own five selected images as possible for the storyboard. Then, one image out of the remaining images has to be selected to serve as a link between the two stories. Participants try to convince each other that one of their own images best represents the two stories. This task requires the users to negotiate with partners in a dynamically created shared space followed by negotiations in the public space.
Task 3:
The third task was a card game called "Pit" that uses 52 playing cards. Each participant starts with five cards and one card is placed face-up in the center of the table. Participants take turns exchanging cards to acquire a hand consisting of five cards of a similar suit (a flush in Poker). There are two ways to exchange cardsparticipants can either swap one of their own cards for the card in the center of the table or can choose another participant with whom to negotiate and trade. In the second case, either of the participants can reject the negotiation before the transaction is completed. This game examines strategic negotiations when partners use private spaces in conjunction with shared spaces to engage with negotiating partners.
Participants and Method:
Six groups participated in this study in a between participants design. For Tasks 1 and 2, each group consisted of four participants. Task 3 consisted of one group of four and one group of six participants. All 26 participants were university students aged 24-30 and included both females and males of varying ethnic origins. Prior to the task, each group received instructions on how to perform the task. Tasks 1 and 2 lasted 15 minutes each, whereas Task 3 lasted approximately 30 minutes. During each task, participants were comfortably seated around the table.
All sessions were videotaped and analyzed to compare and contrast the sharing of both the tabletop workspace and the objects on the table. Figure 1 shows a snapshot of each task. Based on the analysis of the video, we observed that participants went through three successive stages when accomplishing strategic negotiation: Timing, Epistemic Action and Proposition Evaluation. Timing: Capturing and retaining attention is important for strategic negotiations. In real-world setups, this is left to the charisma of the user. So users need to interrupt and gain others' attention to be able to efficiently negotiate. In Tasks 1 and 2, participants had to convince others to use as many of their own five selected images as possible. The center of the table (public space) and the spaces surrounding and between participants (shared space) were used to perform the main activities. During negotiation (when a participant suggested the use of his/her own image for the story), it was observed that the participant switched from his personal space to public space many times. For example, when the participants discussed transportation in their story, one participant suggested using an image of ships instead of an image of airplanes. He tried to gain the others' attention and negotiated strategically by moving the images back-and-forth between the personal and public spaces.
Results and Discussion
In Task 3, it was difficult for participants to be time efficient, because of the turntaking nature of the game. Participants could speculate on which suits were being collected by observing the card in the public space or the cards requested for exchange. Despite the limited value of timing in this task, we found that participants were conscious of the value of timing. Most often participants indicated their sense of urgency or preparedness by moving their next card (face-down) into a make-shift personal space.
Epistemic Actions: Kirsh and Maglio [5] introduced the idea of epistemic actions to understand how users perform certain actions to improve their cognition of the world. They argue that epistemic actions are physical actions that users perform to reduce the memory, number of steps or probability of error involved in a mental computation. In our task, we found that participants performed three types of epistemic actions: i) checking the details of images or the card's suit repeatedly, ii) shuffling the image with no apparent reason or rearranging card positions in order of suit in preparation for the next negotiation, and iii) hesitating and shuffling the image and card repeatedly just before starting a negotiation. All participants performed these actions, which enabled them to create a strategy or a plan-of-attack in several places.
We found that participants frequently performed epistemic actions before initiating or terminating a negotiation. For example, in Tasks 1 and 2, participants often arranged the images with the storyline in their mind and tried to advocate use of their own image through repeated shuffling motions during discussion of the story. In Task 3, we observed that participants checked a card's suit endlessly while awaiting their turn and also rearranged the card's position when comparing their own cards and the card indicated for exchange. They also rearranged the card's position after exchange in preparation for the next negotiation. They were often observed to hesitate or reconsider their move when starting the negotiation.
Proposition Evaluation: We found that there were two steps in evaluating the value of a proposition to the current negotiation. The initial step is a coarse grain evaluation of the value of the negotiation. It means that a decision is reached without much consideration, and the object of negotiation is either deemed to be potentially valuable or not interesting at the current moment. The second step is accepting that the object could have potential value and performing a detailed examination of its value to the current negotiation.
For example, in building a story, when a participant suggested a different plot for the story by using his own images, he tried to indicate his image to the others via hand and body gestures that pointed to the images in his own personal space. Other participants recognized his actions and evaluated his proposal in a two-step process. If the initial examination suggests that the proposal is attractive, he is allowed the opportunity to place the images in the public space (Task 1) or the shared space (Task 2), and then present his case to further the discussion and evaluation. These actions were often observed and considered to be a more useful method for efficient collaboration. In Task 3, the cards introduced for transaction were carefully placed in front of the other participant by the giving participant. The exchanged card was usually quickly evaluated in the receiving participant's personal space (fast initial evaluation). If this card was rejected, it was moved back to the personal space of the giving participant. However, if the card was not immediately rejected, it was moved to the private space where it was evaluated again, this time more carefully in comparison with the other cards in the hand. Then if this card was not accepted for exchange, it was moved back to the personal space of the giving participant.
Summary:
In all tasks, we observed the above sequence of actions for strategic negotiations. In general, users rely a lot on their personal space to effectively time the negotiation and use various forms of hand and body gestures to draw attention to their proposition or evaluate another user's proposition.
Study of Strategic Negotiations at Digital Table
In order to further explore the sequence of actions for strategic negotiations and examine similarities and differences between digital and real-world tabletop negotiations, we conducted a similar study using digital setups.
Tasks and Method
Our study in digital setups involved observing six groups (four participants each) performing in the same setting. We carried out our observations using three digital tabletops inspired by existing systems. All experimental setups used a table of size 1261×1530 sq mm and a horizontal display of size 635×1030 sq mm. Users could stand comfortably in front of the table. To keep the total experiment time to a reasonable amount, we restricted the task to Task 1 of the real-world setup. Similar to Task 1, 40 images were used for each task. Participants were only allowed to change image locations; no other image manipulations were allowed.
At the beginning of each session, the groups were given instructions indicating how to perform the task. Following the instructions, the participants had a threeminute practice session before beginning the experimental task on each setup. For each setup, the task duration was 15 minutes.
(a) UbiTable-Inspired (b) DiamondTouch-Inspired (c) SharedWell Figure 2 shows the different experimental setups on the table. The three digital tabletop systems were inspired by UbiTable [16] , DiamondTouch [4] and the strategic negotiation table described in [6] , which we call "SharedWell." These systems were chosen for their different use of private, personal and shared spaces. UbiTable-Inspired: Figure 2 (a) shows the digital setup inspired by the UbiTable system. This system uses four small computers (two notebooks and two tablet computers) as the users' private space, and each user's screen top is connected to a large display. Users can handle their contents on their own screen as private space and transfer them to the large display as public space by moving them to the top of their own screen. Essentially, users can use the large display and their own small computers seamlessly, but cannot access each other's small computers. This system did not support personal or shared spaces.
Fig. 2. Three digital setups

Tabletop Setups
DiamondTouch-Inspired: This digital setup is inspired by the DiamondTouch system in the sense that it's a large public space without any private, personal or shared spaces. Figure 2(b) shows the setup using a large single display. Participants can see all of the contents and can control their own cursors via an input device.
SharedWell: Figure 2 (c) shows the users, whose head positions are tracked, looking through an aperture in the table to view their digital contents. This aperture allows users to maintain a private view of their contents even when they move around the table. To show or share their own contents, users have to come close enough to each other so that their views through the aperture overlap. The overlapping region creates a shared space for users to show or share contents. If a user wants to show or share contents with a particular partner, he puts the contents in the overlapping area by approaching the partner.
In all systems, participants were divided according to four colors (red, green, blue and yellow) and could recognize their own images and cursor by the color. A game controller was used as an input device for each participant to control the digital contents. All sessions were videotaped and analyzed to compare and contrast the sharing of both the tabletop workspace and the objects on the table.
Results
Based on the analysis of the video and the image movements, we describe our observations on strategic negotiation in the different digital tables.
UbiTable-Inspired: Participants had 10 different images to view on their private screens (private spaces) at the beginning, where they often rearranged the images. These epistemic actions helped them create a storyline. Soon after determining the images to be used, some participants moved them to the public space as the selected images. However, we also observed that others kept relocating the images (including images to be used in their own storyline) in their own private spaces. As their recommendations, these participants gradually moved the images into the public space as the session progressed. We believe that they preserved these images in their own private spaces so as to strategize and wait for the right timing to present them. In addition, we also observed that when participants initiated a discussion or negotiation with the others, they pointed at their image in the public space by using their own cursor or hand. If the image was not accepted after the group evaluation (this is considered the second step of the evaluation), the owner typically moved it back to his/her private space.
DiamondTouch-Inspired:
This setup allowed all participants to see and handle all images during the entire session. At the beginning, these 40 images were distributed to each participant and placed in front of her at the edge of the table. In order to create their own storylines, participants rearranged their images within the area where the images were delivered. After determining images to be used for their own storylines in their minds, they moved the unnecessary images to the corner of the table, whereas they left the necessary images stationary in front of them as the selected images. We noticed that all participants handled their images only in the public space. They did not wait for the appropriate timing to present a particular image to the others efficiently because they could see all the images all the time during the session. Here a participant had to move the images by a cursor, and this seemed to present cognitive uncertainty to the other participants about the operator's intentions and so on. The epistemic actions occurred in the form of redundant movements of images, however they were not effectively used among the participants because of the cognitive uncertainty of the cursor operation. From the observation, they seemed to be used only for the careful consideration of the participant. When a participant tried to propose a particular image to be used in the storyline shared by all participants, she moved the image from the area in front of her to the public space. If there were images forming a storyline in the public space, we often observed that a participant put his image on top of these images, occluding them. By using these actions he could initiate negotiation and force a group evaluation of the proposal. Evaluations were often done in a single step.
SharedWell:
The SharedWell system was designed to improve strategic negotiation by supporting shared spaces. Because of the nature of this system, participants performed many more physical movements for initiating or starting negotiations than with any of the other systems investigated. At the beginning, we observed that participants positioned themselves away from the table, therefore, distances among participants were long enough to preserve their own private spaces, avoiding the overlapping of their spaces to create the shared spaces. When a participant tried to initiate negotiation or discussion, he moved himself closer to the other participant(s) to create a shared space. This space was used as the public space for the discussion and negotiation between the two (or sometimes more) participants. Actually, they initiated negotiation or discussion by moving images from their private spaces to the shared space when the timing was right. All of the actions mentioned here could be observed in all of the participants, and they demonstrated the epistemic actions as well. Soon after the images were moved to the shared space, others evaluated them quickly. This was the first step of evaluation and was repeated several times by changing partners. Through a sequence of negotiations, images were gradually collected in the public space to form a storyline. These images were finally reevaluated carefully. This was the second step of the evaluation process.
Discussions
From the results of the experiment, it is clear that there are differences in how participants engage in strategic negotiations in real-world and digital setups.
Real-World Setups vs. Digital Tabletop Setups
Based on the observations of the real-world setups and digital setups, we found many problems with the current digital tabletops. These problems relate to differences in user actions at different stages of strategic negotiation.
Timing: For strategic negotiation, users typically use their private spaces to examine information that needs to be shown to the other participants at the most appropriate time to maximize its impact. In the UbiTable-inspired system, we found that the participants could not use their private spaces effectively. We observed that some participants moved their selected images from the private space to the public space directly soon after the session started. Here, they did not create their own personal space explicitly, and thus they missed a chance to strategize and present information at the most appropriate time. In the DiamondTouch-inspired system, participants could not determine the best timing to propose their images since all information was visible to all participants from the beginning of the session. On the other hand, in the SharedWell system, participants could determine the most appropriate timing by observing the other participants' explicit movements; however, the physical movements forced participants to miss some opportune moments and at the same time quickly fatigued them.
Epistemic Actions: In the real-world settings, all participants easily noticed all negotiations and actions, including epistemic actions performed by a participant. Through these actions, a participant could understand the status of the collaboration taking place on the table, e.g. who was negotiating with whom, and results of the negotiation. At first we thought that the DiamondTouch-inspired system was the most similar to the real-world settings except that it required indirect manipulation using a cursor. However, we noticed that participants had difficulties in recognizing epistemic actions made by others because of the cognitive uncertainty of the cursor operation. On the other hand, in the other two systems, participants could perform the epistemic actions. In the UbiTable-inspired system, participants had their own private spaces and showed epistemic actions by rearranging their images while they considered their own storylines. Similarly, in the SharedWell system, they also had their own private spaces, and through physical motions such as enlarging the private space to be shared with adjacent participants or moving images from their private spaces to the shared spaces, they showed epistemic actions.
Proposition Evaluation: We found that users often evaluated a proposition by transitioning attention between spaces, especially from the private space to the personal space and from the personal space to the shared/public space. Explicit transitions between spaces attract other persons' attention and help provide cues of the evaluation process to all participants. From observations in the real-world settings, we understand that the two-step evaluation is important for the strategic negotiations. Moreover, through the investigation of digital tables, we found that the facility of providing personal spaces is especially important for proposition evaluation. The SharedWell system was designed to transfer the information between spaces because of the nature of this system. Therefore, participants could often perform the two-step evaluation efficiently. In the DiamondTouch-inspired system, participants could see and manipulate all the images on the display; therefore, they had to transfer the images by using explicit actions such as hand gestures or utterances. On the other hand, the participants on the UbiTable-inspired system moved their images from the private space to the public space without paying special attention to the timing; therefore, they often missed the chance to do a first-evaluation at the most appropriate time.
Supporting Strategic Negotiations on Digital Table
Digital tables can be made more efficient for strategic negotiation by improving various aspects of timing, epistemic actions and proposition evaluation.
Value of Personal Space: One of the crucial elements of strategic negotiation in real-world collaboration was a users' ability to maintain a personal space. Users often moved valuable negotiation data to the personal space, which served two purposes; first it informed others that this user had something that could be perceived as useful to the negotiation without giving them insights to evaluate the value of the data. This gave the user the opportunity to initiate negotiation when the moment was ripe. The second benefit of having information in the personal space was that at the right moment the user could easily introduce data to the public space for negotiation, and because others were anticipating this, they were more willing to listen to the user's proposition and were not taken by surprise. We believe that digital tables should support both personal and private spaces for enhanced strategic negotiations. Scott et al. [13, 14] suggest that digital tables do not have to support personal spaces because users generate these spaces by themselves. However, as described in the case of the UbiTable-inspired and DiamondTouch-inspired systems, very few participants created personal spaces because they either failed to appreciate their value or had insufficient workspace area. Systems could provide a default personal space that can be fluidly and intuitively moved around. We agree with Scott et al. [15] that it is important that users are able to flexibly and dynamically increase, decrease or relocate personal space within the workspace.
Sensitivity to User's Hand and Body Gestures: In the real-world task, users often created opportunities for negotiation by using various hand and body gestures. This rich communication language provided all users with awareness of each other's intentions allowing them to anticipate forthcoming actions. Hand and body gestures like rearranging cards within in the hand and drifting an image in-and-out of the public spaces provide rich awareness cues that users often pay attention to subconsciously. When a person tries to negotiate with others profitably, it is reasonable to expect this person to be aware of the other users' actions without compromising their privacy. It is this awareness of details that enables users to efficiently strategize negotiations in a group. Therefore, in order to support these negotiations, digital tables should be sensitive to users' actions related to body or hand gestures, and at the same time have the ability to keep private information private.
Interruptability and Epistemic Actions: We often observed that users interrupt each other with finesse to grab attention and propose an item for negotiation. While we did not explicitly examine interruption in our study we feel that digital systems should be proactive in providing support for interruptability. Systems could leverage a variety of multimodal information channels to further enhance strategic negotiation. As outlined in the results section, users rely on various epistemic actions to propose and evaluate negotiations. These could range from explicit transitions between spaces to attract other persons' attention to pondering and fiddling with the hands to indicate serious contemplation of the value of a proposition.
Implications for Design
The results of our investigation into strategic negotiations in digital tables have several implications for the design of future digital tabletop systems.
Support Creation of Personal Spaces:
In our study of real-world strategic negotiations, we found that users often create personal spaces to negotiate efficiently. Tabletops that support strategic negotiations should not rely solely on private or public spaces and transfer information from private to public space directly. When designing strategic negotiations efficiently, an important implication is that the system must support creation of personal spaces.
Support Flexible and Fluid transition between Spaces:
In all our digital systems, users repeatedly transferred information between private, personal and shared/public spaces. Fluid transition of information between these spaces is important for conducting strategic negotiations efficiently. Many researchers are exploring novel interaction techniques to support flexible and fluid transitions between different spaces. Our results reaffirm the need to do so.
Tabletop Systems should be Sensitive to Body and Hand Gestures:
We observed that users relied on their hand and body gestures to negotiate in real-world setups. For strategic negotiation, these gestures also helped users to know the intentions of another other person's actions exactly. Therefore, we believe digital tables should be sensitive to these gestures while at the same time not demanding from users explicit gestures as with the SharedWell system. We believe that future systems must harness the body and hand gestures of users with greater finesse for strategic negotiations.
Provide Greater Support for Epistemic Actions:
We repeatedly observed that users performed many epistemic actions during collaborations. While the digital tabletop systems did not explicitly factor in epistemic actions in their designs, the users were able to perform some of the epistemic actions observed in real-world settings. However, for digital tabletops to attain the flexibility and fluidity of real-world collaboration, we need to explicitly take into consideration typical epistemic actions when designing future tabletop systems.
